This report examined positive and negative thought disorder in relation to medication status and cerebral lateralization measures obtained from the Halstead-Reitan Neuropsychological Battery and Wechsler Adult Intelligence Scale in a sample of 59 patients with schizophrenia, schizoaffective and manic disorders, and unspecified functional psychoses. Discriminant function analyses of comparable left-and right-hemisphere variables from the neuropsychological tests were examined for both types of thought disorder, in which presence or absence of psychotropic medications was included as a variable in each analysis. Results indicated a relationship between positive thought disorder and left-but not right-hemisphere variables. Both the left-and right-hemisphere variables were related to negative thought disorder, and these relationships were influenced by the global measures of verbal and performance IQ as well as by medication status. These findings provide qualified support for the left-hemisphere-dysfunction hypothesis, insofar as it is associated specifically with positive thought disorder. Diffuse or bilateral cerebral impairment is more characteristic of negative thought disorder; however, medication status is also equivalent to neuropsychological variables in influencing this relationship.
Investigators taking a neuropsychological approach to psychopathology have typically considered thought disorder from the standpoint of speech and language disturbances (Levin et al. 1989) . While it may be tempting to conceptualize a similarity between thought disorder and aphasia, Goldstein (1986) points out that caution is warranted in inferring a similarity between schizophrenic language and aphasic disorders. FlorHenry (1976) has reported evidence implicating left-hemisphere dysfunction as a characteristic disturbance in schizophrenia and right-hemisphere dysfunction as more characteristic of affective disorders. A left-hemisphere dysfunction may help to explain the greater prevalence of thought disorder in schizophrenic patients compared with patients who have affective disorders, since speech and language functions are localized predominantly in the left cerebral hemisphere. In a modified view, Flor-Henry et al. (1983) consider manic and schizoaffective disorders on a continuum of bilateral dysfunction; consequently, they would not regard left-hemisphere dysfunction as being exclusive to schizophrenia.
This view of lateralized deficit in psychopathology, in which lefthemisphere dysfunction may be present in some affective disorders as well as in schizophrenia, could provide one possible explanation for the occurrence of thought disorder in certain nonschizophrenic conditions (Harrow and Quinlan 1977; Harrow et al. 1982; Silverstein and Harrow 1983; Harvey et al. 1984; Marengo and Harrow 1985; Holzman et al. 1986 ). The distinctiveness of a lefthemisphere deficit in schizophrenia also has been questioned by other investigators studying neuropsychological deficits (Taylor and Abrams680 SCHIZOPHRENIA BULLETIN tion status influence lateralized dysfunction differently in schizophrenic patients than in depressive patients, and Newman and Silverstein (1987) reported left-hemisphere abnormalities in subtypes of depression, particularly psychotic and retarded depressives. Taylor and Abrams (1984) have reconsidered previous laterality findings in rigorously diagnosed psychiatric disorders, and more recently have emphasized bilateral impairment. Kluger and Goldberg (1990) also have reported evidence suggestive of bilateral deficits in heterogeneous cases of affective disorder.
Previous reports also highlight the importance of distinguishing among different forms of thought disorder when studying neuropsychological dysfunction (Silverstein and Arzt 1985; Silverstein and Zerwic 1985) . These reports suggest an association between impoverishment or cognitive inefficiency and neuropsychological impairment, which several investigators have conceptualized as being consistent with the defect state or negative-symptom construct in schizophrenia (Andreasen and Grove 1986) . If we broaden the diagnostic implications of these findings, we note that poverty of speech and underinclusive or concrete thinking also are common in some forms of brain disease and in severe depression (Miller 1975) . Andreasen et al. (1986) reported an association between negative symptoms and cognitive dysfunction; they emphasized neuropsychological measures of executive functions, which implicated frontal-lobe involvement. These deficits occurred in schizophrenic patients with structural brain abnormalities identified by magnetic resonance imaging. In contrast, Bilder et al. (1985) reported that positive thought disorder was part of a symptom cluster most strongly associated with neuropsychological impairment. Thus, different types of thought disorder may be differentially related to particular aspects of cerebral dysfunction.
The present report examines the relationship between neuropsychological variables representing leftand right-cerebral-hemisphere dysfunction, and the presence or severity of positive and negative thought disorder. We studied a sample of psychotic inpatients and used discriminant-function analysis to determine whether the left-and righthemisphere measures independently identify positive and negative thought disorder in separate analyses. In addition, we included the use of neuroleptics or lithium in the variable sets to determine its influence on the relationship between lateralized cerebral deficit and thought disorder.
Method
Patient Sample. The sample comprised 59 psychiatric inpatients with diagnoses based on the Research Diagnostic Criteria (Spitzer et al. 1978) . There were 20 patients with schizophrenia, 8 patients with manic disorder, 10 with schizoaffective disorder, and 21 with unspecified functional psychoses. These diagnoses were derived from information obtained at hospital admission through the Present State Examination (PSE; Wing et al. 1974) , supplemented by assessments of past psychiatric status, history, and weekly ratings of psychopathology derived from the Schedule for Affective Disorders and Schizophrenia-Change Version (SADS; Spitzer and Endicott 1978) .
Patients ranged in age from 18 to 65 and were free of major medical and neurological illnesses and alcohol and drug abuse. Diagnoses were determined at discharge, based on a systematic review of all of the above data.
The sample was relatively young (mean 30.8 ± 10.7 years), had completed high school (mean 13.2 ±2.4 years of education), and was hospitalized an average of 111. 4, 1991 681 with the addition of WAIS PIQ.
The TPT assesses several abilities requiring tactile-kinesthetic functions and motor speed in perceptual learning, memory, and problem-solving tasks; these tasks are performed separately with the preferred and nonpreferred hands. The SPT is a complex multifaceted task that measures auditory discrimination (Lezak 1983), auditory aspects of language processing (Boll 1981) , and sustained attention and concentration (Reitan and Wolfson 1985) . Finger Tapping is a test of motor speed and fluency, which is also assessed independently with the preferred and nonpreferred hands.
In regard to sensitivity to lateralized deficit, Lezak (1983) considers the SPT a good indicator of left-hemisphere damage, although the test is also indicative of generalized brain damage. Similarly, Matarazzo (1972) views the VIQ-PIQ differential on the WAIS as secure evidence for lateralized cerebral deficit, despite some negative findings, while Lezak (1983) regards this literature as too contradictory to place sufficient confidence in its reliability. Chase et al. (1984) , however, reported a positron emission tomography study of WAIS subtests with predominant associations between VIQ and glucose metabolism of the left hemisphere and between PIQ and posterior righthemisphere metabolic activity. Thus, TPT and Finger Tapping measures are notably strong laterality measures, while the IQ and SPT variables are considered less so in view of their probable but less certain implications for lateralization. The multivariate matrix of intercorrelations in the discriminant analyses reported below can assess the relative strength of these individual neuropsychological variables.
Diagnostic groups were compared on each neuropsychological measure. The only difference occurred on VIQ (F [2,56] -4.45, p<0.02) in which schizoaffective disorder patients had lower scores than did patients with unspecified functional psychoses. Patients with schizophrenia and manic disorder fell in between and were not reliably different from each other or from the other diagnostic groups.
Thought disorder measures. The thought disorder measures consisted of clinical ratings from the PSE. Positive thought disorder was rated on a 3-point scale: no thought disorder, thought disorder present either to a moderate extent or severe but intermittent, and severe thought disorder present continuously. Four aspects of positive thought disorder were assessed this way: neologisms or idiosyncratic use of words or phrases, incoherence of speech, flight of ideas, and pressured speech. The highest rating of the positive thought disorder items was assigned, rather than the mean, since the maximum value on any one item would adequately capture the disturbance without spuriously inflating its significance if more than one item also reflected disordered thinking. The correlation between the mean and the highest value of the four items was 0.90, indicating that these do not assess different dimensions, which supports the use of the highest item rating as the preferred measure.
Ratings of negative thought disorder yielded a dichotomous classification of presence or absence on this variable. The three relevant PSE items were restricted quantity of speech, poverty of content of speech, and slow speech. As with positive thought disorder, the correlation between the highest item rating and the mean of the three items was high (r •= 0.94); thus, these measures do not represent independent dimensions. Similarly, the highest rating on any of these variables was assigned.
Interrater reliabilities for these psychopathology ratings were assessed on a periodic basis, using intraclass correlation coefficients, which yielded acceptable levels ranging between 0.65 and 0.85 for the major categories of clinical phenomenologic signs, symptoms, and syndromes. While interrater reliability data are not available for individual thought disorder variables, a syndrome grouping composed of three of these variables (idiosyncratic speech, incoherence, and poverty of content) resulted in an acceptable level of interrater reliability (0.74), which was replicated (0.72) in an independent sample from the same population.
There were no differences among diagnostic subgroups for either positive or negative thought disorder.
Results

Independence of Thought Disorder
Variables. The correlation between positive and negative thought disorder was 0.118. Negative thought disorder was more highly correlated with VIQ (-0.374), PIQ (-0.408), and HRNB Category Test errors (0.371); whereas positive thought disorder ratings were correlated with VIQ (-0.400) but not with PIQ (-0.203) function analyses (DFA) using SYSTAT software (Wilkinson 1986) . DFA is a multivariate statistical technique designed to determine whether there is at least one linear combination of variables that maximally discriminates groups. The groups to be discriminated were based on presence or level of thought disorder.
The interpretive approach began with the discriminant functionvariable correlations, which provide substantive identification of the main variables contributing to the function. The next step was inspection of the standardized discriminant-function coefficients to examine the redundancy among these variables (Stevens 1986) .
Separate discriminant function analyses were carried out using leftand right-hemisphere measures in relation to each of the two types of thought disorder. Such an analysis provides a clearer picture of each hemisphere's distinctive relationship to thought disorder, rather than a direct comparison of left-and righthemisphere variables. This approach helps ascertain what combination of variables is specific to each hemisphere alone.
Two analyses were performed to distinguish among the three levels of positive thought disorder, with each including left-and right-hemisphere neuropsychological variables independently. Thirty-eight patients (64%) had no positive thought disorder, 11 (19%) had definite but moderate thought disorder, and 10 (17%) had severe thought disorder. The other two DFAs used the same leftand right-hemisphere variable combinations to distinguish between the two groups classified on the basis of presence (n -24; 41% of the sample) or absence of negative thought disorder (n = 35; 59%). In all four analyses, presence or absence of antipsychotic medication or lithium was included in the set of discriminantfunction variables. Acceptable subject-variable ratios were also assured, with ratios of 12:1 and 15:1 for the left-and right-hemisphere variable sets, respectively (including the dichotomous classification for medications). After the significant multivariate test, we examined the univariate F ratio for the SPT, which was statistically significant (F [2,56] -7.23, p < 0.002). Post-hoc contrasts indicated that the group with severe positive thought disorder had a greater number of SPT errors than did the groups with moderate or no positive thought disorder.
Positive Thought
The SPT error scores also were examined by broad diagnostic groupings to determine the distribution of performance levels in schizophrenic subjects and nonschizophrenic subjects. A comparable proportion of schizophrenic (45.0%) and nonschizophrenic (43.6%) subjects obtained error scores in the customary brain-damaged range of 8 or greater.
We also used a classification of mild impairment (8 to 12 errors) and moderate to severe impairment (13 or more errors) to examine these error scores; again we found comparable proportions of schizophrenic and nonschizophrenic subjects in these two subcategories.
The DFA result for the righthemisphere measures did not yield a significant function that successfully discriminated among positive thought disorder groups ( (table 4) . Further, the higher values of the standardized coefficients for these variables suggest that medication status and VIQ are not redundant. Table 3 reveals that the patients with negative thought disorder had lower verbal intelligence than did the patients with no thought disorder. The medication effect is attributable to the patients with negative thought disorder who were receiving an antipsychotic drug or lithium (100%), compared with those patients who did not have negative thought disorder and were receiving a psychotropic drug (69%).
The DFA for the right-hemisphere variable set also yielded one significant discriminant function (x 2 [4] 1 6.73, p < 0.002), composed largely of PIQ and medication status. This function represented 51.2 percent of the variance among these variables and negative thought disorder. After calculating the significant overall multivariate result, we inspected the discriminant function-variable correlations and found that the principal measures influencing this function were PIQ (univariate F [1,57] -12.22, p < 0.001) and psychotropic medications (univariate F [1,57] = 10.63, p < 0.002), which also were nonredundant or nonoverlapping by examination of the standardized coefficients. Again, the patients with negative thought disorder had lower PIQ values (table 3) , and proportionately more of them were receiving psychotropic medications. The accuracy of correct classification was 71.2 percent. Negative thought disorder was associated with lower neuropsychological performance levels, despite the fact that the TPT and the Finger Tapping Test did not influence either the left-or right-hemisphere DFA findings. The univariate F-tests for these variables reached significance levels of 0.10 or better.
Discussion
These data provide qualified support for the view that left-hemisphere dysfunction is a contributing factor in severe psychopathology. Lefthemisphere dysfunction was associated with both positive and negative thought disorder. Speech or language processing, at least at the level of phoneme discrimination on the SPT necessary for interpreting discrete speech sounds or components of language, was distinctively associated with positive thought disorder. However, this test, like others from the HRNB, can also reflect attentional dysfunction and in isolation would not be considered a measure with strong lateralization significance. There was no other distinct cognitive component of left-hemisphere dysfunction that could be isolated.
Diffuse or bilateral cerebral deficit was associated with negative thought disorder in both schizophrenic and nonschizophrenic subjects. The only distinctive neuropsychological variable that bore some relationship to negative thought disorder was a relatively global one, identified as both verbal and performance aspects of intelligence.
We do not offer a definitive conclusion about the role of medication in the relationship between negative thought disorder and neuropsychological impairment. Although admittedly an imprecise measure of sever-ity of clinical condition, the need for either neuroleptic or lithium carbonate treatment remains one important indication of the degree of disruption of functional adaptation. We note the relationship of medication status to thought disturbance, although appropriate caution is in order regarding its meaning, both in its own right in the form of a neurolepticinduced dyskinesia, as well as in the context of neuropsychological variables. Despite this uncertainty, medication status appears to account for at least as much variance as HRNB lateralization measures in the differential relationship among these measures and negative thought disorder.
We also would point out that neuropsychological functions were not investigated exhaustively, thus we do not claim that all cognitive-perceptual factors were considered. Although defective intellectual functions are undoubtedly attributable to cerebral impairment, the global neuropsychological deficits that we report here in schizophrenia and nonschizophrenic psychoses have also been noted for schizophrenic patients in Heaton and associates' reviews (1978) and Seidman's (1983) reviews. The more recent neuropsychological literature also includes reports of bilateral impairment (Taylor and Abrams 1984; Frazier et al. 1989; Kluger and Goldberg 1990) . This view regarding diffuse or bilateral dysfunction may accurately characterize some aspects of the neuropsychology of schizophrenia as well as other severe conditions. It is inconsistent with views suggesting a specific neuropsychologically based mechanism accounting for either schizophrenia or other psychiatric illnesses. We agree with Taylor and Abrams (1984) , who noted that while lateralized dominant hemisphere dysfunction may give the schizophrenic syndrome a "characteristic stamp" (p. 200), it is the bilateral impairment that makes this disorder predominantly one characterized by diffuse cognitive impairment.
We do not have this same concern, however, in characterizing the left-hemisphere relationship with positive thought disorder. Our study used nearly equivalent left-and right-hemisphere measures, and two of the four left-hemisphere measures rely minimally on language (Finger Osculation and TPT). These same tests were not influential in the DFA finding for positive thought disorder. Thus, we can perhaps be more assured that the left-hemisphere relationship with positive thought disorder is predominantly one involving speech or language functions. Accordingly, we provide qualified support for the left-hemisphere dysfunction hypothesis, insofar as it seems more specific to positive than to negative thought disorder. Our study provides one clinical anchor for understanding the meaning of this particular lateralized disturbance. Thought disorder should emerge as an important correlate if the left-hemisphere dysfunction hypothesis is to continue to occupy a major role in explaining psychopathology.
Our study also emphasizes the need to examine multiple forms of thought disorder, since the cognitive processes of the two types investigated here carry different lateralization implications. Although this strategy is based on the assumption that neuropsychologica] impairment can either produce or influence thought disorder, we cannot completely eliminate the possibility that thought disorder can artifactually impair performance on languagemediated measures that form the basis for the neuropsychological variables themselves. Despite this persistent uncertainty about the nature of the relationship between neuropsychological variables and measures of thinking, we can speculate about how unilateral and bilateral cerebral dysfunction might selectively compromise cognitive processes and thereby interfere with thinking in a variety of ways.
Thus, a unilateral left-hemisphere impairment appears to adversely affect the systematic organization of associative processes. In contrast, a disorder arising out of bilateral cortical impairment may bring about negative thought disorder, which could in turn either lead to or become associated with slowed cognitive processing, failure to fully grasp abstract implications of ongoing events, and a more generalized shutting out of external stimuli resulting in impoverishment. At this point, we have no clear evidence on which to base a hypothesis that a neuropsychological pattern or correlate exists that combines positive and negative thought disorder, although we noted that the subgroup of patients with both types of thought disorder displayed the poorest neuropsychological performance across the range of HRNB variables.
